In this paper, we establish new sufficient conditions for global asymptotic stability of the positive equilibrium in the following discrete models of Lotka-Volterra type: Appl. 236 (1999) 534-556] for n = 2 to the above system for n 2, we establish new conditions for global asymptotic stability of the positive equilibrium. In some special cases that k ij = k jj , 1 i, j n, and n j =1 a ji a jk = 0, i = k, these conditions become a i > n j =1 a 2 ji , 1 i n, and improve the well-
Introduction
Consider the persistence and global asymptotic stability of the following discrete models of Lotka-Volterra type: Recently, making the best use of the symmetry of the system and an extended La Salle's invariance principle, Saito, Hara and Ma [9] has shown necessary and sufficient conditions for permanence and global stability of a symmetrical Lotka-Volterra type predator-prey system with two delays. This improves the well-known sufficient condition on the global asymptotic stability of the positive equilibrium in the system obtained by Gopalsamy [4] . Saito [8] also established the necessary and sufficient condition for global stability of a Lotka-Volterra cooperative or competition system with delays for two species. On the other hand, Xu and Chen [10] has offer new techniques to obtain sufficient conditions of the persistence and global stability for a time-dependent pure-delay-type Lotka-Volterra predator-prey model for three species. On the other hand, Muroya [5, 6] established conditions for the persistence and global stability of delay differential system and discrete system for n species, respectively, which are some extensions of the averaged condition offered by Ahmad and Lazer [1, 2] . In this paper, applying Lemma 2.2 and Theorem 1.2 in Muroya [6] on sufficient conditions for the persistence of nonautonomous discrete Lotka-Volterra systems to the discrete system (1.1)-(1.2), we first obtain conditions for the persistence of the above autonomous system, and extending a similar technique to use a nonnegative Lyapunov-like function offered by Saito, Hara and Ma [9] for n = 2 to the above system for n 2, we establish new conditions for global asymptotic stability of the positive equilibrium. This is a discrete version of Muroya [7] . In some special cases, these conditions improve the well-known stability result obtained by Gopalsamy [4] .
Put
and 
In particular, all solutions N i (p), 1 i n, of the system are bounded above, that is,
By Theorem 1.1 and extending a similar technique to use a nonnegative Lyapunov-like function offered by Saito, Hara and Ma [9] for n = 2 to the above system for n 2, we get the following results. and suppose that there exists a positive equilibrium
and
Then, the positive equilibrium
In particular, if
then the last inequalities of (1.11) becomes
Thus, in the cases of (1.11) and (1.12), the condition (1.13) is weaker than the following sufficient condition on the global asymptotic stability of the positive equilibrium of the system
which was obtained by Gopalsamy [4] , and this extends some of results in Saito, Hara and Ma [9] for n = 2 to n 2. The organization of this paper is as follows. In Section 2, applying the results in Muroya [6] , we offer conditions for the persistence of system (1.1)-(1.2), and using a nonnegative Lyapunovlike sequence, we establish conditions for the global asymptotic stability of positive equilibrium
Proof of theorems
In this section, we prove Theorems 1.1 and 1.2. Muroya [6] consider the following discrete system of nonautonomous Lotka-Volterra type:
where each c i (p), a i (p) and a l ij (p) are bounded for p 0 and
For a given sequence {g(p)} ∞ p=0 , we set
and for integers 0 p 1 < p 2 , we set 
are n × n matrices, and
Assume that
and put which implies (2.12).
Then, any solution of the system (2.1)-(2.2) is bounded above, and it holds that
Proof of Theorem 1.1. Put
Then, we have
Thus, the system (1. 
Then,
where for p p 0 and 1 i n,
and by (2.1), we have that
We have that x − 1 − ln x 0, for any x > 0. By Theorem 1.1, each N i (p), 1 i n, are bounded above and below by positive constants for p 0. Therefore, it follows from (1.6) that for any p
Then, ln
Thus, by (2.15), we obtain
where by (1.10),
from which we conclude that
This result implies that the positive equilibrium N * = (N * 1 , N * 2 , . . . , N * n ) of (1.1) is globally asymptotically stable for any k ij 0, 1 i, j n.
In particular, if (1.11) holds, then for r j = r jj = N j (p − k jj ) − N * j , 1 j n, we have that Moreover, if (1.12) holds, then it is evident that the last inequalities of (1.11) becomes (1.13). 2
